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RESUME
Au cours des expérimentations en archéologie agraire. les sols ont eté laisses un peu a l‘écart des investigations. Ce 
travail basé sur la micrornorphologie, a permis l‘observation de la microstructure de différents sols expérimentaux 
cultivés. Nous avons mis en évidence des traits structuraux caractérisant le mode d‘exploitation employé. Par ailleurs, il
nous est apparu que la durée de l’experience est difﬁcile à raccoucir et qu‘avec chaque outil, le sol réagit selon sa 
nature.
ABSTRACT
Soil studies have been largely neglected in experiments related to agrarian archaeology. The present study is based on 
soil micromorphology and involves observations of the micro-structure of different soils in cultivation experiments. We 
have shown there are structural traits characteristic of the method ofsoil-working used. Otherwise. the experiments need
to take place over a fairly long duration, difficult to reduce, and we have also seen that each soil reacts according to its 
particular properties as well as the type of tool used.
I. INTRODUCTION
Experimental agriculture in archaeology has recently appeared in Europe in order to understand 
plant change through domestication and to this end seed collections have been made, and ancient 
crops have been cultivated and theiryields studied. Experirnenters have also been interested in the 
use of reconstructed ancient tools such as sickles, and the microwear traces which form on them. 
However, in these experiments soils have been largely ignored.
1. Soil studies
In archaeolog/, the anthropogenic impact occuring on the agrarian landscape should be studied 
through the soil because soil supports cultivation and supplies the plant with its nutrients, and it also
records the intervention of man and his cultivation implement. The latter is best studied through 
mieromorphology : Chemical analyses routinely used in pedology (pH, organic matter, cation 
exchange characterisation, base saturation , etc.) only characterise the present—day state of a soil 
and provide very little information on its ancient evolution.
a. Methodology
Micromorphology, a new method of investigation of soils, has been use in archaeology for about ten
years. first in England (Romans and Robertson, 1983 : Macphail, 1986), then in France [Courty, 
1982). Perfected by pedologists, it allows microscopic study of undisturbed loose sediments, 
sampled in oriented blocks. The samples are then dried, hardened by polyester resin. sliced into 
slabs and machined down to 25 pm to allow observation under the polarizing microscope.
It is then possible to recognize a number of sedimentary, pedological and anthropogenic features
which characterize the natural deposit. its degree of pedological evolution and the type of 
anthropogenic disturbances affecting it. This helps give a better understanding of the change 
induced by man on his environment at a number of levels (cf organization of his habitat, 
agricultural exploitation of the surrounding landscape). In the last case, micromorphology can
detect features directly related to the agricultural exploitation of a field, on the condition that the 
soil remains well-protected from modern fauna and agricultural disturbance [buried under an 
archaeological monument].
b. Topics
Under many archaeological monuments. we can fincl well-dated ancient soils preserved from 
alteration. Unfortunatly it is sometimes difficult to interpret certain pedological features because of 
a lack of reference material. Therefore, in order to make a reference collection of cultivated profiles 
to compare with those coming from archaeological contexts. different profiles from experimental 
sites in north-west Europe have been sampled. Interest is concentrated upon structural modifications
caused in the soil by various cultivation implements, with structure and porosity both being 
important factors in soil suitability for agriculture (Fedoroff, 1986]. These play an essential part in 
the migration ofwater, solid particles, exchangeable bases (Na, K, Ca, Mg), and for iron and 
aluminium movement. Porosity, which can have a mechanical origin (ﬁssures, cracks), or be 
biologically formed by animal holes (channels, burrows). encourages plant root growth. For the 
present work. the stnicture of thin-sections was observed through a stereoscopic microscope using
the method described by Bullock et al. (1985).
c. The experimental sites
These were all chosen in north west Europe in order to maintain a pedo-climatic unity and to allow 
better comparisons between these results and those from the archaeological sites studied.
They are :
— Butser Farm (Great Britain) : an experimental Iron Age farm where the fields have been 
ploughed with an ard since 1970. This site is situated on calcareous colluvium. at the bottom of a 
grassy hill used for pasture (Reynolds, 1984].
— Hambacher Forst (Germany) : a loessic-loam soil under forest has been ploughed with an ard for
one year by U. Tegmuller (Meurers-Balke, 1985).
— The Grignon forest (France. lnstitut National Agron0mique): a loessic-loam was worked with a
wooden hoe of Neolithic type. In order to accelerate the pedological process the experimental plots 
were intensively watered for one month [about 2 000 litres in July 1986).
— The Deherain plots (France. lnstitut National Agronomique) : these are established on calcareous
colluvium under grassland to study the influence of different types ofmanuring on crop yield. 
Several plots have been worked with a spade or a cultivator since 1929 (Morel et al.. 1984)
These four experiments can be divided into two groups (table 1) :
— Soils on calcareous colluvium under grassland (Butser, Deherain)
— Soils on loessic»loam under forest (Hambacher Forst. Grignon).
Four ways of working the soil are compared :
— Working with a hoe (Grignon)
— Working with an ard (Butser. Hambacher Forst).
— Working with a spade (Deherain).
— Working with a cultivator (Deherain. Hambacher Forst).
All of these sites have an uncultivated soil for reference.
On manured Deherain plots. the influence of different organic matter input on soil structure was 
also studied (table 2).
II. RESULTS
I. Tool impact on soil structure
Table Ill summarises the micromorphological observations of the upper horizon structure (A for
uncultivated horizon, Ap for ploughed horizons) from the experimental soils studied.
For each sort of implement. a number of variables were compared. These are the degree of 
compaction of the soil and its porosity, ped form and shape, depth of organic matter burial. and the 
depth of tool impact, which determines the extent of the Ap horizon. In all cases. the s0il's initial 
structure is very compacted and well-structured. with characteristic ‘bird foot-shaped’ cracks (with 
3 or 4 radiant junctions) isolating soil peds (fig. l and fig. 2). Signiﬁcant biological activity 
occurred. suggested by animal pellets and root remains. and its increased porosity. shown by 
channels and burrows (fig. 2 and fig. 3). The loessic-loam at Hambacher Forst is very compact (fig. 
4], but less porous. The structure collapsed because the original A horizon was badly structured.
After cultivation. the soil becomes looser ; the structure is made up ofclods of different sizes 
according to the tool cniployed (fig. 6. lig. 7 and ﬁg. 9]. mixed with smaller angular peds. In the 
middle of the biggest clods. the original soil structure is still well preserved.
At Hambacher Forst (fig. 7). clods do not exist because of the badly-structured nature of the original
horizon 1 but we can observe numerous rounded peds, in the groundmass compacted by the ard. 
The bottom of the ploughed horizon is compacted into a discontinuous. thin loamy-clay zone (1 
cm), is lamellar in structure, and creates a plough pan like those described in modern ploughed 
horizons (Jongerius, 1970 ; Collins and Larney, 1987). In addition, the cultivator created clods with 
straight, cleanly-broken edges (fig. 10). On the other hand, unfortunately. the hoeing experiment at 
Grignon did not show real disturbance, with the exception of an increase in star-shaped porosity
(ﬁg. 5) : this was certainly caused by excessive watering of the plots over too short a time (Courty, 
1988).
2. Modifications caused by manuring
Structure :
Input of organic matter in the form of pure straw, humidiﬁed straw, or stable litter does not affect 
the structure of any horizon, worked or not. Only the increasing quantity of organic fragments, more
or less incorporated into the soil, gives evidence of this input.
Organic activity (table 4) :
Traces of faunal activity seem to be more visible in the uncultivated, unmanured plots, than under 
the ploughed horizons. Whatever the treatment of the plot, tnicrofauna (Oribatids, Enchytraeids) are
more abundant than mesofauna (Earthworms). Working the soil hides or destroys traces of organic 
activity which remain visible deeper in the soil proﬁle. 
III. DISCUSSION
It follows from this work that the type of agricultural exploitation of a soil may be recognised by 
studying soil structure. As a matter of fact, certain quantities of recognizable structural features 
(little clods. big cleanly broken clods, plough pan) which we found are characteristic of the tool 
used (hoe, cultivator, ard). This work also reveals the importance of two experimental factors: First, 
the time factor of the experiment, which is very difficult to moderate : as we have seen, in trying to 
accelerate time, the experimenter only changes the natural pedological processes (Grignon). 
Second, the soil type, which will behave differently according to the tool used.
At the moment, the experimental sites are all situated in different environments, on soils which are 
similar but not quite the same. To increase the reliability of these results, we will need to compare a 
large number of cases. In the future, other sites like the « Ferme Archeologique de Melrand » 
(Morbihan, France] or the Lejre experimental center (Denmark) will be investigated.
Unfortunately, as no archaeological experiment has been started on the original Atlantic forest soil. 
We must be satisﬁed with extrapolation from more recent soils, with structures which are similar 
but no identical. Besides these, there is another factor which we don‘t understand very well, the 
behaviour of these structures as they age. The weight of sediments, or of any archaeological 
construction which seals a site, can modify the soil structure. Therefore, when the experimental 
results are compared to archaeological buried soils protected from modern anthropogenic 
disturbance. we will have to take such structural modifications into account.
CONCLUSION
Through this work, we could observe the micromorphological structure of different experimental
soils cultivated using different tools and manuring. The small number of soils actually considered 
and their great pedological diversity, will lead us to multiply observations in other experiments 
using different tools. Then we will need to compare them with ancient cultivated soils to be able to 
recognize ancient techniques used in the past for working a field. 
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Table 1 The different experiments used for structural analysis of cultivated soils
CALCAREOUS COLLUVIUM UNDER GRASSLAND LOESSIC—LOAM UNDER FOREST
BUTSER DEHERAIN GRIGNON HAMBACHER FORST
TOOL
Uncultivated X X X X
Hoe X
Ard X X
Spade X X
Cultivator X X
Table 2 The Deherain plots used for analysis of the inﬂuence of manuring on soil structure
WITHOUT MANURING STRAW WITHOUT
PREHUMIFICATION
 STRAW WITH
PREHUMIFICATION
STABLE LITTER
Spade X X X
Cultivator X X
Table 3 Comparative structure of soils worked with different tools by site (D:diameter)
 SOIL POROSITY PEDS ORGANIC MATTER COLOR DEPTH OF 
IMPACT
UNCULTIVATED
Butser Compact Bird foot-shaped cracks
(ﬁg 26.1)
Homogeneous (D 2m) In small quantity chipped Brown /
Deherain Quite 
compact
Relatively well opened 
(ﬁg 26.2)
Relatively compacted
(0.5 < D < 1 cm)
Important biological 
activity (pellets, plant 
fragments, numerous 
channels)
Light brown /
Grignon Compact Bird foot—shaped 
crackschannels.  
Chambers (ﬁg 26.3)
Few (D 0.5 cm) Medium biological
activity (intense upwards, 
some pellets at bottom)
Light brown /
Hambacher Forst Compact No cracks (ﬁg 26.4) Coming from B horizon 
(lighter) disturb the A 
horizon homogeneity
Intense biological activity 
(animal burrow roots, 
numerous plant remains)
Dark color /
HOE
Butser / / / / / /
Deherain / / / / / /
Grignon Quite 
compacted
Packing void porosity 
(cham-bers with star-
shaped concave walls); 
bird foot-shaped cracks 
have disappeared
(ﬁg 26.5)
/ / Light brown Undefined
Hambacher Forst / / / / / /
ARD
Butser Medium 
compacte, 
intensive 
disintegra-
tion (with-
out orien-
tation)
Connected chambers
and cracks
Quite angular / / Undefined
Deherain / / / / / /
Grignon / / / / / /
Hambacher Forst compacted Unfissured Rouded (D:0,5cm),
darker than the ground-
mass, plough pan (fig 
26.7)
Numerous big organic 
fragments
/ 6cm
SPADE
Butser / / / / / /
Deherain Little 
compac-
tion
Horizontal cracks
everywhere; biggest 
clods are compacted, 
with star-shaped cracks 
(ﬁg 26.8)
Coarse subrounded / / 12 cm
Grignon / / / / / /
Hambacher Forst / / / / / /
CULTIVATOR
Butser / / / / / /
Deherain Little 
compac-
tion
Very loose Numerous peds, bird 
foot-shaped cracks (ﬁg 
26.9)
Little organic matter 10-12 cm
Grignon / / / / / /
Hambacher Forst Little 
compac-
tion
Crack porosity Peds broken with clean 
and straight edges (ﬁg 
26.10)
Plant remains buried deeply / 12 cm
Table 4 Abundance of biological activity in relation to the type of manuring carried out on the 
Deherain plots
MICROFAUNA  MESOFAUNA
UNCULTIVATED
Surface ++++ ++++
At depth  ++++ ++
SPADE WITHOUT MANURING
Surface 0 ++
At depth +++ +
SPADE PURE STRAW
Surface + +
At depth +++ +++
SPADE HUMIDIFIED STRAW
Surface + +
At depth ++ ++
CULTIVATOR WITHOUT MANURING
Surface + 0
At depth ++ 0
CULTIVATOR STABLE LITTER
Surface + 0
At depth ++ +++
O = absent; + = trace; ++ : not very abundant; +++ = abundant; ++++ : very well-developed
Fig. l : Butser. uncultivated plot under grassland : a bird feet-shaped fissure.
Fig. 2 : Deherain, uncultivated plot under grassland : compacted pcds with an animal burrow.
Fig. 3 : Grignon : uncultivated plot under forest : compact soil with little bird feet-shaped ﬁssures 
and an animal burrow.
Fig. 4 : Hambacher Forst. uncultivated plot under Forest : compact soil.
Fig. 5 : Grignon, plot worked with 21 hoe : quite compact packing of soil with 21 porosity of star-
shaped concave walls.
Fig. 6 : Butser, soil ploughed with an ard : medium compacted soil with quite angular pads.
Fig 7 Hambacher Forst plot worked with an ard : compact soil with round peds ﬂoating in the 
groundmass and a plough pan limiting the Ap horizon.
Fig. 8 : Déhérain, plot worked with a spade : little compaction with coarse sub-rounded peds.
Fig 9 : Déhérain plot worked with a cultivator : little compacton with numerous big peds including 
the original bird feet-shaped cracks
Fig. l0 : Hambacher Forst. plot worked with a cultivator : little compaction of peds. broken with 
clean and straight edges.
